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Introduction
The shortage in freshwater in many countries, and the competition 

for it with agriculture and other urban activities had increased the 
pressure to develop aquaculture in brackish water and seawater. 
Though, using salt water instead of freshwater in fish farming is a 
worldwide priority [1]. Freshwater encompasses much lower salts 
and ions concentration than brackish water and seawater. Control 
of salt and water balance within a narrow limit is critical to life in all 
multicellular organisms, including teleost fishes [2]. Salt tolerance is 
a term describing the overall fitness, or productivity, of the fish in a 
saline environment [3]. It is a combination of different quantitative 
traits, such as metabolism, growth [4], osmoregulation [5], immune-
competence and fecundity [6]. Besides, Cnaani and Hulata [6] 
targeted from various culture management practices and nutrition 
as well as physiology and genetics to propose the best approaches for 
improvement of salinity tolerance in tilapias. Though tilapias normally 
live in freshwater, few species show high salt tolerance and could be 
raised in brackish water or seawater [7,8]. 

Due to the increasing lack of freshwater in the world, it would 
be beneficial to culture tilapia stocks in brackish or saline rearing 
environments to ensure a source of cheap and high-quality animal 
protein into the future [9]. In general, it is well established that 
salinity conditions during incubation and rearing are highly relevant 
for embryonic development, affecting variables such as hatching rate, 
and even later causing a lower survival rate and deformities in larvae 
[10], or affecting larval size, particularly when salinity is above the 
species tolerance, producing smaller fish when reared at higher salt 
concentrations [11]. Also, there is an increasing commercial interest 
in tilapia species or hybrids that can tolerate salinity and still exhibit 
acceptable growth [12]. 

To date, the consumption of saltwater tilapia fish has been increased 
because of their tasty flesh and not too strong fishy taste rather than 
freshwater tilapia [13]. Tilapias are popular cultured species because 

of their high environmental tolerant characteristics. The rapid growth 
of tilapia, poor quality resistance, ability to grow under sub-optimal 
nutritional conditions, and high fecundity, make them well suited for 
aquaculture [8]. Tilapia is one of the important fish species which has 
several good qualities and can face wide range of salinity and other 
environmental conditions and can grow well in water salinities ranging 
from 11 ppm to 29000 ppm, tolerate temperatures between 8°C to 42°C 
and can survive in low dissolved oxygen (DO) levels (0.1 ppm) [14]. 
Oreochromis mossambicus and its hybrids, including red tilapia are the 
major representatives of these euryhaline cichlids in aquaculture [15]. 

Based on the growth performance in saltwater, O. mossumbicus 
and red tilapia are competent strains for breeding tilapia in saltwater 
[15]. While the suitability of the Florida red tilapia strain for seawater 
grow-out has been demonstrated by high growth rates and feed 
conversion efficiencies, the hatchery phase of production remains 
restricted to water of lower salinities. The need for low-salinity water 
for maintaining broodstock and fry, thus affecting the ability of farmers 
to obtain fingerlings, restricts the establishment of future hatcheries in 
low-salinity water areas. Methods for seawater adaptation have been 
developed that minimize reliance on low-salinity water during the 
hatchery phase of production and that maximize survival and growth 
following transfer to seawater [16]. Other tilapias are generally less 
euryhaline and can tolerate water salinities ranging from about 20 to 
35‰. Most of these tilapias grow, survive and reproduce at 0-29‰, 
depending on the species and acclimation period.
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Abstract
The direct transfer of fish to marine water without acclimation is considered critical on survival rate of fish. 

Florida red Tilapia, Oreochromis sp., was introduced to four salinity levels (9‰, 18‰, 24‰ and 36‰) and a control 
freshwater treatment in pre-spawning period to investigate the tolerance of the offspring to direct transfer to marine 
water without acclimation. Fish were stocked at a rate of 25/m3 with initial body weight of 29.4 ± 0.12 g for six 
weeks as acclimation period. Broodstocks after acclimation were then stocked at 5/m3 and fed to satiation with 25% 
crude protein commercial diet for 24 weeks as spawning period. Offsprings survival and growth were compared for 
their tolerance to three salinity levels (9‰, 18‰ and 36‰) in indoor concrete tanks with stocking density of 1000/
m3, and fed on 30% crude protein (470 kcal ME/100 g) diet for 8 weeks. The results implied that best growth for 
broodstocks was observed with (36‰) and no significant difference in survival. However, the least number of fry/
kg were produced from broodstocks reared in 36‰ salinity, and the highest was observed with 18‰. Consequently, 
fry delivered from broodstocks reared in high salinity level (36‰) tolerated high salinity levels (18‰ and 36‰) with 
high survival rate (90% and 92%) respectively, and with highest growth rate. This study highlights the importance of 
rearing Florida red tilapia broodstocks in saltwater in order to have offspring tolerable to marine environment. 
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broodstocks acclimation salinity levels on the tolerance of produced 
fry to survive and grow in different salinity levels (9‰, 18‰, and 36‰) 
without acclimation. 

Following the acclimatization period, the fish were transferred to 
ten concrete tanks with dimensions of 4 m × 2 m × 1 m (length × width 
× depth) representing 5 treatments each with two replicates. The tanks 
were continuously aerated to maintain dissolved oxygen level to 6.5 
mg/l, and pH level of 7.5-9, and temperature 28 ± 2°C. Each replicate 
was stocked with 5 fish/m3 (total of 40 fish) both females and males 
with ratio of (3:1) allocated for spawning. Fish were fed 1% of their 
body weight on commercial diet encompassing 25% crude protein 
(CP) twice daily 7 days a week for 16 weeks. Every 10 days’ fish were 
weighed and female brooders were checked for fry. 

Twelve weeks after the onset of spawning, fry was collected from 
broodstocks subjected to the five salinity levels for the onset of the 
second phase of the experiment. Each batch of fry from a broodstock of 
different level of salinity was exposed to three different salinity levels, 
low, medium and high (9‰, 18‰, and 36‰, respectively) for 8 weeks 
without initial acclimatization period. The offspring were stocked with 
rate of 1000 fry/m3 in 30 (15 treatments × 2 replicates) concrete tanks 
(1 m3 each tank). Feed offered to fry to satiation on an isocaloric diet 
(30% CP and 470 Kcal ME/100 g diet). Fry were observed for survival 
and mortality rates were recorded.

Fish growth and feed utilization parameters

Growth performance and feed utilization of Florida red tilapia was 
determined, and was calculated as follows: 
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Statistical analysis

Results of growth parameters, feed utilization parameters, and 
survival rate (%) of broodstocks and fry of the experimental treatments 
were treated using the ANOVA test (analysis of variance) and Tuckey 
test to a minimum significance (P<0.05). The results are expressed 
as means ± SEM. Statistical analysis was performed using one-way 
ANOVA according to Assaad et al. [25] and EXCEL (windows 10, 
2015).

Results
Broodstocks growth performance and feed utilization 

Acclimatization period of 6 weeks, fingerlings with initial body 
weight of 29.4g reached maturation and started to spawn after 7 
weeks of acclimation. Fish were subjected to four salinity levels (9‰, 
18‰, 24‰, and 36‰) and a freshwater as control treatment. The 
final body weight (FBW) and weight gain (WG) of fish after 24 weeks 
was significantly different (P<0.05) between treatments, showing 
increase with increasing salinity level (Table 1). Consequently, average 
daily gain (ADG), and specific growth rate (SGR%) revealed similar 
patterns as FBW and WG. The highest ADG, and SGR% was observed 

Salinity tolerance of tilapia is also affected by fish sex and size. 
Perschbacher and McGeachin [17] evaluated the salinity tolerance 
of red tilapia (O. mossambicus × O. urolepis hornorum) fry, juveniles 
and adults. Adult fish were more salt-tolerant than fry and juveniles. 
Fry and juveniles tolerated direct transfer to 19%, without apparent 
stress and mortality, but 100% mortality occurred at 27‰. On the 
other hand, adult fish tolerated a direct transfer to 27‰, with 100% 
mortality at 37‰. Similarly, Watanabe et al. [18] studied the ontogeny 
of salinity tolerance in Nile tilapia, blue tilapia and hybrids tilapia (O. 
mossambicus female × O. niloticus) was referred to body size than to 
chronological age. The median lethal salinity-96 h (MLS-96) for Nile 
tilapia and blue tilapia over an age of 7-120 days post-hatching (dph) 
was 18.9 and 19.2‰. In contrast, MLS-96 of tilapia hybrids changed 
with age and increased from 17.2‰ at 30 dph to 26.7‰ at 60 dph [18]. 
Also, Watanabe et al. [18] reported also that male tilapia tend to be 
more salt tolerant than females. It has also been reported that tilapia 
hybrids descended from salt-tolerant parents (such as O. mossambicus 
and O. aureus) are highly salt-tolerant [19]. This may explain why 
Taiwanese red tilapia [20] and Florida red tilapia [21] grow faster in 
seawater and brackish water than in freshwater. 

The sudden salinity changes may impact the physiological condition 
of the fish and the tolerance limits of the fish will cause stress and lead 
to decrease the immune system level. Rearing Tilapia in saltwater could 
have no different between freshwater. The Tilapia appeared normal and 
healthy through the external observation in saltwater but the level of 
stress with the sudden introduced to different salinity level unknown 
[13]. However, previous research by Sharif et al. [22] demonstrated that 
survival of red tilapia fry decreased with increasing salinity from 16‰ 
to 40‰ with acclimation after 12 days. Moreover, final body weight 
of Florida red tilapia fry was found to decrease significantly with 
increasing salinity from 16‰ to 32‰ after gradual acclimation period 
[23], and increases non-significantly with increased salinity from 0‰ to 
25‰ [24]. Also, feed conversion rate of Florida red tilapia fry elevated 
significantly with increasing salinity from 16‰ to 32‰ [23]. 

Therefore, the objectives of the present study have two main 
approaches: first, determine the growth performance of Florida red 
tilapia broodstocks in different salinity levels; and second, is to produce 
Florida red tilapia fry that could tolerate and survive the direct transfer 
to marine water without being acclimated. 

Materials and methods
Experimental location and fish species

This study was conducted on Florida red tilapia, Oreochromis sp., 
fingerlings for 32 weeks in El-Max Research Station, National Institute 
of Oceanography and Fisheries (NIOF), Alexandria, Egypt. 

Experimental fish and acclimatization condition: Four hundred 
fingerlings with initial body weight (IBW) of 29.4 ± 0.12g were 
acclimated in fiberglass tanks for 6 weeks with a density of 10/m3 
on four salinity (part per thousand, ppt) levels (9‰, 18‰, 24‰, and 
36‰) and a freshwater as a control treatment. Females and males were 
placed separately and fed to satiation on 30% CP 470 Kcal ME/100g 
diet during the acclimation period. Florida red tilapia, Oreochromis sp. 
were gradually acclimated to the respective treatment of salinities by 
raising the salinity at the rate of 4‰ daily [18]. 

Experimental design: This study was designed to embrace two 
phases in which the first reveal the effect of different salinity levels 
(9‰, 18‰, 24‰, and 36‰) on broodstocks growth performance 
and fry production. Whereas the second phase involve the effect of 
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with (36‰) level with values of 1.58 ± 0.09 g/fish/day, and 0.85 ± 
0.02, respectively. Whereas for broodstock survival rate, revealed no 
significant difference between treatments, however, the (24‰, and 
36‰) treatments demonstrated high survival rate followed by (9‰) 
then the control treatment (freshwater), and the lowest was found to be 
for the broodstocks subjected to (18‰) salinity level (Table 1). 

In spite of that the growth performance of Florida red tilapia 
showed a linear relationship with the salinity levels, but the FCR of 
broodstocks demonstrated a significant (P<0.05) inverse correlation 
with salinity levels. The broodstocks in freshwater treatment showed 
an improved significant FCR than with broodstocks in (9‰, 18‰, 24‰, 
and 36‰) respectively (Table 1). On the same manner, the PER showed 
similar trend as the FCR and implying that feed utilization parameters 
was significant lower with (18‰, 24‰, and 36‰) than the control and 
(9‰) salinity level (Table 1). 

Fry production

However, broodstocks showed different trend than FBW and 
WG in significance between treatments for average total number of 
fry produced and mean fry produced per kilogram fish (Table 1). The 
results displayed that (18‰) salinity level had the significant highest 
total number of fry and fry/kg with values of 1680 ± 6.29 fry/fish and 
9.37 ± 0 fry/kg (Table 1). Although, the lowest significant (P<0.05) 
number of fry produced (896 ± 0 fry/fish) was observed for the control 
treatment (freshwater), but the lowest significant (P<0.05) 4.88 ± 0.03 
fry/kg was obtained from 36‰ salinity level treatment (Table 1). 

Fry survival rate

The fry survival is one of the main objectives for the present study, 
where the results obtained revealed that fry delivered from freshwater 
broodstock when exposed to high (36‰) salinity level had mortality 
of 100% after the first week of exposure (Table 2). However, same 
treatment fry (control) had survival rate of 97.5% and 79.5% by the 
end of the experimental study, when subjected to 9‰ and 18‰ salinity 
levels, respectively (Table 2). However, when comparing survival 
rate of fry delivered from broodstock of different salinity levels (9‰, 

18‰, 24‰, and 36‰) with fry from control treatment broodstock 
(freshwater) at low (9‰) salinity level, the results demonstrates that 
fry from freshwater had the highest significant (P<0.05) survival rate 
than all others. 

Moreover, when increasing salinity level that fry are subjected to 
medium, the survival rate is enhanced for fry from broodstock exposed 
to (9‰, 18‰, 24‰, and 36‰), showing that the highest significant 
(P<0.05) survival rate (96.9 ± 0.45%) was for fry delivered from 
broodstocks (36‰) and the lowest (79.5 ± 0.5) for fry from control 
treatment broodstock. Similarly, the survival rate of fry delivered from 
broodstock (36‰) showed the same trend when subjected to high 
salinity level compared to all other treatments (Table 2). This could be 
explained that when fry of Florida red tilapia broodstocks are reared 
in marine water their offspring could possibly tolerate high salinity 
(marine environment) levels without being acclimatized. And when 
those fry are exposed to lower salinity than that of their broodstocks 
their survival might be affected and could alleviate their mortality rate. 
Therefore, fry of Florida red tilapia should be acclimatized if reared in 
salinity levels different than that of their broodstocks, thus, tolerating 
salinity for offspring may be considered a maternal effect. 

Fry growth performance and feed utilization 

Correspondingly, the FBW and ADG of fry showed a parallel 
significant results as survival rate trend, which at low salinity level fry 
delivered from broodstocks exposed to freshwater and (9‰) salinity 
had significant (P<0.05) higher FBW and ADG than those delivered 
from (18‰, 24‰, and 36‰) respectively (Tables 3 and 4). However, 
the FBW and ADG trends are inversed when medium and high salinity 
levels are imposed.

Meanwhile, the FCR and PER of the broodstock showed an inverse 
significant relation with the salinity level (Tables 5 and 6), but the 
offspring delivered from broodstock subjected to elevated salinity 
levels had a better significant (P<0.05) FCR and PER when exposed 
to medium and high salinity levels than those from control and (9‰) 
broodstocks. Therefore, the present study determines the importance of 
culturing Florida red tilapia broodstocks in marine water that induces 

 Variables C 9‰ 18‰ 24‰ 36‰
FBW 163 ± 1.75d 187 ± 9.13cd 232 ± 0.83bc 257 ± 16.6b 364 ± 16.6a

WG 94.8 ± 0d 119 ± 8.58cd 161 ± 0.78bc 185 ± 15.6b 285 ± 15.6a

ADG 0.53 ± 0d 0.66 ± 0.05cd 0.9 ± 0.004bc 1.03 ± 0.09b 1.58 ± 0.09a

SGR% 0.49 ± 0d 0.56 ± 0.023cd 0.66 ± 0.002bc 0.71 ± 0.03b 0.85 ± 0.02a

SVR% 92.5 ± 0.5 96 ± 1 81 ± 12 100 ± 0 100 ± 0
FCR 1.35 ± 0.02b 1.4 ± 0.01b 1.6 ± 0.015a 1.64 ± 0.025a 1.7 ± 0.015a

PER 2.96 ± 0.044a 2.86 ± 0.02a 2.49 ± 0.02b 2.45 ± 0.04b 2.35 ± 0.021b

Total no. Fry 896 ± 0c 1140 ± 58.9bc 1680 ± 6.29a 1270 ± 85.3b 1300 ± 61.2b

Fry/kg 6.88 ± 0c 7.68 ± 0.07b 9.37 ± 0a 6.53 ± 0d 4.88 ± 0.03e

Values are means ± SEM, n=2 per treatment group. 
Means in a row without a common superscript letter differ (P<0.05) as analyzed by one-way ANOVA and the TUKEY test. 

Table 1: Mean values of final body weight (FBW, g fish-1), weight gain (WG, g fish-1), average daily gain (ADG, g fish-1 day-1), specific growth rate (SGR, %), survival rate 
(SUR, %), protein efficiency ratio (PER), feed conversion rate (FCR), total number of fry (TF, fry female-1), and number of fry kg-1 of Florida red tilapia Oreochromis sp. 
broodstocks reared in different salinity levels and control (C) freshwater treatment.

Variables C 9‰ 18‰ 24‰ 36‰
Low 97.5 ± 0.5a 87.9 ± 0.48b 90.7 ± 1.44b 87.2 ± 1.96b 70.8 ± 0.25c

Medium 79.5 ± 0.5b 86 ± 5.23ab 91.2 ± 0.96ab 94.4 ± 2.19a 96.9 ± 0.45a

High  -- 18.8 ± 4.19c 73 ± 3.84b 95.7 ± 0.67a 96.8 ± 0.23a

Values are means ± SEM, n=2 per treatment group.  
Means in a row without a common superscript letter differ (P<0.05) as analyzed by one-way ANOVA and the TUKEY test.

Table 2: Mean values (± SER) of survival percentage (%) of Florida red tilapia fry reared in three salinity levels (low, medium, and high) delivered from broodstocks 
subjected to the 4 salinity levels and control (C) freshwater treatment. 
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and enhances the offspring growth performance and feed utilization in 
marine environment without being acclimatized.

Discussion
Pre-acclimation to salt water and gradual transfer to high salinity 

have a significant effect on tilapia growth and survival, as has been 
reported by Al-Amoudi [26]. Acclimation period varies between 
tilapia species where O. aureus, O. mossambicus and O. spilurus 
required shorter acclimation time (4 days) for a transfer to full-strength 
seawater than O. niloticus and O. aureus × O. niloticus hybrids (8 days) 
[26]. The author suggested that the physiological changes associated 
with seawater acclimation in tilapia are short-term, energy demanding 
and may account for as much as 20% of total body metabolism after 
4 days in seawater. However, Florida red tilapia has been acclimated 
for 6 weeks in the present study on gradual salinity increase to reach 
full-strength seawater salinity in order not to pause any stress on fish. 

Many researchers handled different aspects of acclimation of tilapia 
to elevated salinity levels through water salinity or diets containing 
various salt levels. Turingan and Kubaryk [27] supplemented 
Taiwanese red tilapia (O. mossambicus × O. niloticus) broodstock 

with diets containing higher salt levels may produce seeds with better 
adaptability to water salinity. They found that egg hatchability was 
higher in seawater than in freshwater. The hatchability and larval 
growth were highest in seawater than in freshwater when fish received 
12% salt in their diets. 

Rengmark and Lingaas [28] investigated the role of transferrin, 
an iron-binding glycoprotein known to have an important role in the 
immune system, on salinity tolerance. They cloned and sequenced 
entire transferrin gene of tilapia and compared the expression levels in 
saltwater and freshwater reared tilapia using real-time PCR. Rengmark 
and Lingaas [28] observed that transferrin showed an 85% upregulation 
in tilapia kept in saltwater compared to freshwater, suggesting that 
transferrin or closely-linked genes may be involved in saltwater 
tolerance. In the present study, the survival rate of Florida red tilapia 
broodstocks was high and did not differ significantly for all treatments 
which implied that acclimation process was successfully applied 
with no stress or osmoregulatory failure in fish. Moreover, growth 
performance of Florida red tilapia herein increased significantly with 
the increase of water salinity that might be due to minimal metabolic 
energy diversion into osmoregulation. In support, Watanabe et al. [29] 
found that the daily feed consumption of Florida red tilapia fed a 32% 
CP diet increased with increasing salinity from 0 to 32‰. 

The increase in the metabolic energy diverted into osmoregulation, 
with increasing water salinity has also been reported in O. mossambicus 
and O. spilurus [30], O. niloticus × O. aureus and common carp [31]. 
Previous studies indicated that growth rates of Florida red tilapia 
reared at different salinities increased with increasing temperature 
within the range 22°C to 32°C [32]. In accordance to the present study, 
experimental period was conducted in similar range of temperatures 
which favored the growth performance of Florida red tilapia.

Moreover, the better growth performance in saline water might be 
attributed to higher osmoregulation energy costs in freshwater than in 
brackish water or seawater for O. mossambicus × O. hornorum hybrid 
[33], suppressed territorial aggression by salinity [21], and inhibitory 
effects of aggressive behavior which varied among different salinities 
[20]. These results support the common assumption that growth of 
euryhaline teleosts is increased at salinities near iso-osmotic, since 
osmoregulation costs are minimal under these conditions [33]. On the 
contrary, Watanabe et al. [29] denoted that the growth of Florida red 
tilapia at salinities near iso-osmotic was found to be lower than that at 
higher salinities which was attributed to increased food consumption 
and lowered food conversion ratio in high salinity. Although, the 
results of the broodstocks FCR obtained in the present study were 
found to match that of Watanabe et al. [29] in which broodstocks from 
lower salinity treatments showed an improved significant FCR than 
that of higher salinities. But the broodstocks growth performance in 
the present study contradicts with the findings of Watanabe et al. [29] 
and corresponds with Febry and Lutz [33]. 

In addition, many researchers demonstrated that at equivalent 
salinity early exposure of tilapia broodstock to high salinity produced 
progeny with high salinity tolerance than those spawned in freshwater 
and hatched at high salinity. Respectively, produced fry in the present 
study delivered from freshwater broodstock when exposed to high 
salinity level had mortality of 100% after the first week of exposure. 
However, when comparing survival rate of fry delivered from 
broodstock of different salinity levels (9‰, 18‰, 24‰, and 36‰) with 
fry from control treatment broodstock (freshwater) at low (9‰) salinity 
level, the results demonstrates that fry from freshwater had the highest 
significant (P<0.05) survival rate than all others. Moreover, when 

Variables C 9‰ 18‰ 24‰ 36‰
Low 11.3 ± 0a 9.77 ± 0.22bc 10 ± 0.18b 9.11 ± 0.005c 9.88 ± 0.11b

Medium 7.38 ± 0.39d 9 ± 0.12c 12.3 ± 0.28b 13.5 ± 0.05ab 14.7 ± 0.33a

High  -- 7.5 ± 0.38c 12.5 ± 0.105b 14.1 ± 0.12a 14.9 ± 0.39a

Values are means ± SEM, n=2 per treatment group.  
Means in a row without a common superscript letter differ (P<0.05) as analyzed 
by one-way ANOVA and the TUKEY test.

Table 3: Mean values (± SER) of final body weight (g fish-1) of Florida red tilapia fry 
reared in three salinity levels (low, medium and high) delivered from broodstocks 
subjected to the 4 salinity levels and control (C) freshwater treatment.

Variables C 9‰ 18‰ 24‰ 36‰
Low 0.2 ± 0a 0.17 ± 0.004bc 0.18 ± 0.003b 0.16 ± 0.00001c 0.18 ± 0.002b

Medium 0.13 ± 0.01d 0.16 ± 0.002c 0.22 ± 0.01b 0.24 ± 0.001ab 0.26 ± 0.01a

High  -- 0.13 ± 0.01c 0.22 ± 0.002b 0.25 ± 0.002a 0.27 ± 0.01a

Values are means ± SEM, n=2 per treatment group.  
Means in a row without a common superscript letter differ (P<0.05) as analyzed 
by one-way ANOVA and the TUKEY test.

Table 4: Mean values (± SER) of average daily gain (g fish-1 day-1) of Florida red 
tilapia fry reared in three salinity levels (low, medium and high) delivered from 
broodstocks subjected to the 4 salinity levels and control (C) freshwater treatment. 

Variables C 9‰ 18‰ 24‰ 36‰
Low 1.61 ± 0.05 1.6 ± 0.05 1.59 ± 0.01 1.52 ± 0.04 1.56 ± 0.04

Medium 1.6 ± 0.03a 1.58 ± 0.03ab 1.53 ± 0ab 1.42 ± 0.03bc 1.28 ± 0.05c

High  -- 1.49 ± 0.05a 1.39 ± 0.05a 1.38 ± 0.03a 1.12 ± 0.01b

Values are means ± SEM, n=2 per treatment group.  
Means in a row without a common superscript letter differ (P<0.05) as analyzed 
by one-way ANOVA and the TUKEY test.

Table 5: Mean values (± SER) of feed conversion rate (FCR) of Florida red tilapia 
fry reared in three salinity levels (low, medium and high) delivered from broodstocks 
subjected to the 4 salinity levels and control (C) freshwater treatment.

Variables C 9‰ 18‰ 24‰ 36‰
Low 2.49 ± 0.08 2.5 ± 0.08 2.52 ± 0.02 2.62 ± 0.06 2.57 ± 0.07

Medium 2.5 ± 0.05b 2.54 ± 0.04b 2.61 ± 0.00b 2.83 ± 0.05ab 3.13 ± 0.12a

High  -- 2.69 ± 0.09b 2.88 ± 0.104b 2.91 ± 0.053b 3.57 ± 0.032a

Values are means ± SEM, n=2 per treatment group.  
Means in a row without a common superscript letter differ (P<0.05) as analyzed 
by one-way ANOVA and the TUKEY test.

Table 6: Mean values (± SER) of protein efficiency ratio (PER) of Florida red 
tilapia fry reared in three salinity levels (low, medium, and high) delivered from 
broodstocks subjected to the 4 salinity levels and control (C) freshwater treatment.
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increasing salinity level for fry the survival rate is enhanced showing 
that the highest significant (P<0.05) survival rate was for fry delivered 
from broodstock (36‰) and the lowest for fry from control treatment 
broodstock. Therefore, early exposure of broodstocks to high salinity 
benefits produced fry to tolerate direct exposure to marine water 
without acclimation. Thus, the Florida red tilapia might be cultured 
successfully in marine water with demanding freshwater. 

On the other hand, Hassan et al. [13] observed that the mortality 
rate of red tilapia fingerlings increased with increasing salinity level 
from 0‰ to 35‰, and reached 100% mortality after 4 days of exposure. 
In 1989, Reference [16] assessed the influence of spawning salinity 
on survival and growth in brackish or seawater, growth of juveniles, 
suggesting that progeny spawned under elevated salinities are better 
adapted for growth in brackish and seawater. In the same manner, 
Sharif et al. [22] revealed that, survival of red tilapia decrease from 
98% to 79.2% with increasing salinity from 16‰ to 40‰ after 12 
days. Moreover, Hassan et al. [13] indicated that the direct transfer of 
freshwater adapted red tilapia to marine water causes 100% mortality 
due to respiratory distress and osmoregulatory exhaustion, which 
leads to increase osmotic concentration of blood serum and change 
in ionic contents. And since the chloride cells are the ionic regulator 
and extrusion in gill epithelia of sea adapted fish [34,35], Sharif et al. 
[22] noticed the formation of the chloride cells in gills of marine water 
adapted red tilapia and its absence in freshwater red tilapia. Moreover, 
Sharif et al. [22] stated that the chloride cells were observed in fish after 
2 weeks in marine water. The author indicates that the acclimation of 
freshwater red tilapia needed about 2 weeks to be able to live in marine 
water. Correspondingly, this could explain the increased mortality of 
red tilapia fry from broodstock reared in freshwater when exposed 
to high salinity levels without acclimation in the present study, and 
the ability of fry descended from broodstocks reared in high levels of 
salinity to tolerate and survive without acclimatization. 

Concurrently, Hibiya [36] disclosed that activation of chloride 
cells when fresh eel adapted to sea water is noted within 2 to 4 days 
and gills take one month to be completed of the sea water type. Low-
salinity water requirements during the hatchery phase of production 
may be reduced by acclimating stocks to seawater at early stages of 
development [18]. Despite of survival rate, broodstock from brackish 
water (18‰) displayed the highest total number of fry and fry/kg, 
but the lowest number of fry produced was observed for the control 
treatment, and the lowest fry/kg was from seawater treatment. 

In support to obtained results in the present study, Watanabe et al. 
[16] observed that fry production per unit female weight declined at 
salinities above 18‰ suggesting that Florida red tilapia broodstock may 
be maintained under salinities as high as 18‰ without impairing fry 
production. Although, FBW and FCR of fry showed a linear trend as 
survival rate, which at low salinity level fry delivered from broodstocks 
exposed to freshwater and low salinity had higher FBW and enhanced 
FCR than those from brackish and seawater. However, the FBW and 
FCR trends are inversed when medium and high salinity levels are 
imposed. However, Vũ [24] implied that final body weight of Florida 
red tilapia fry increased non-significantly with increased salinity from 
freshwater to 25‰. 

On the contrary, El-Zaeem et al. [23] stated that final body weight 
of Florida red tilapia fry decreased significantly from 33.38 g to 18.68 
g with increasing salinity from 16‰ to 32‰, respectively, after gradual 
acclimation period. Moreover, El-Zaeem et al. [23] found that FCR 
was elevated significantly Florida red tilapia fry with increasing salinity 
from 16‰ to 32‰. 

Conclusion
It could be concluded from the present study that growth 

performance and survival rate of Florida red tilapia, Oreochromis sp., 
broodstocks increases with increasing salinity after gradual acclimation. 
Also, when fry of Florida red tilapia from acclimated broodstocks 
are reared in marine water they could possibly tolerate high salinity 
(marine environment) levels without acclimation. Therefore, the 
study highlights the possibility of acclimation of Florida red tilapia 
broodstocks on high salinity levels produces seeds that could tolerate 
the direct transfer to marine water without requiring acclimation. 

Ethical Issues
We certify that all data collected during this study is presented in 

this manuscript and no data from the present study has been or will be 
published separately or elsewhere.
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